A measure known as leaf rectangularity index (LRI) is estimated by means of bootstrap regression. The index, it is envisaged, will assist in discussing the geometry of leaf surfaces, if possible among different plants and across species. This paper considers a survey on previous works on the index and suggests possible areas of applications and collaborative research.
INTRODUCTION
The index and its Relevance: Leaf area index (LAI), defined as leaf area per unit ground area, is an important canopy parameter that has attracted the attention of scientists for several decades now. Another parameter, leaf rectangularity index (LRI), is also useful in the study of plant and their species.. LRI is a measurable criterion for determining the extent to which a leaf surface departs from being a perfect rectangle. This paper apart from reviewing past works on the index, also states a formal step-bystep procedure for estimating LRI.
THEORETICAL FRAMEWORK AND LITERATURE REVIEW
The invention and eventual construction of the index was first mentioned by Essi (2005) .In the work, leaf rectangularity index (LRI), is defined. Below, we formally give the definition of LRI:
θ gives the area of an oval leaf surface, with length L and breadth B. Then LRI is defined as the Euclidean norm of the vector η , where
Consider the vector parameter η defined as
The quantities α , λ and γ are all dimensionless since 0 θ , 1 θ and 2 θ are dimensionless. Now the condition η = 0 is equivalent to the Euclidean norm η = 0.
Using Equation (5) it is easy to see that for a perfect rectangle, η = 0. This implies that, a surface A tends to a rectangular surface A * as η 0 → .
We now can use η to define a criterion for rectangularity which we choose to call leaf rectangularity index (LRI). LRI is defined as
The problem is to find an estimate for η . Efron (1979) and subsequent development by Efron (1982) , and Tibshirani (1986, 1993) bootstrap has witnessed great expansion in theory and application over the years. A wide range of papers stating applications are cited in Manly (1997) and Chernick (1999) , and Essi (2005 Essi ( , 2007 Essi ( , 2010 . The particular bootstrap method used in this work is bootstrap regression. There are generally two approaches for data for this type of regression. They are 1) bootstrapping the observations, also called paired resampling and 2) bootstrapping the residuals, also called residual resampling. (Efron and Tibshirani (1993) , Chernick (1999) , Davison and Hinkley (1997) and Mittelhammer, Judge and Miller (2000)).
METHODOLOGY AND DATA
The data on area A, length L and breadth B used in the study are that of sycamore leaves and they are found in Please (1987) . We assume first, a multiplicative error model (MEM of the form
By setting lnA = Y, lnL = X 1 and lnB = X 2 we have Y = XB + u (8) While Please (1987) used a sample of size 12 , the simulated sample in the work is of size n =30.
What follows is the use of the set of LS estimates from m replicated samples to approximate the sampling distribution of Β and hence that of
and .Finally, we obtain estimate for η as defined in Equation (5) and a value for η .
Following similar steps outlined above, we consider next, bootstrap regression with an additive error model in the form
Estimation of η .
1.
We first of all estimate α , λ and γ 
EMPIRICAL RESULTS
The results of bootstrap estimation are reported in Table1 and Table 2 below. LRI estimates with a 95% confidence interval and are shown in Table 2 below. 
CONCLUSION AND APPLICATIONS
Leaf rectangularity index (LRI) is defined as a norm of a vector. The confidence interval for LRI is calculated first before its point estimate and standard deviation. This is by backward computation. The common experience is having point estimate and standard deviation before confidence interval. This paper submits that the normal order of procedure breaks down when the parameter estimated is a norm.
There are a lot of problems and expectations arising from possible variation of the index over time and space. Can this index be affected by time ? Can the same plant in different regions and climatic zones produce different indices? Finally can environmental degradation as we have in the Niger Delta of Nigeria affect the value of this index for a plant of interest? Finally, what is the most probable range within which LRI is expected to lie? Attempts for these questions are themselves foci for research and their answers may then constitute the importance of LRI.
